Background and Purpose-We compared among young patients with ischemic stroke the distribution of vascular risk factors among sex, age groups, and 3 distinct geographic regions in Europe. Methods-We included patients with first-ever ischemic stroke aged 15 to 49 years from existing hospital-or population-based prospective or consecutive young stroke registries involving 15 cities in 12 countries. Geographic regions were defined as northern (Finland, Norway), central (Austria, Belgium, France, Germany, Hungary, The Netherlands, Switzerland), and southern (Greece, Italy, Turkey) Europe. Hierarchical regression models were used for comparisons. Results-In the study cohort (nϭ3944), the 3 most frequent risk factors were current smoking (48.7%), dyslipidemia (45.8%), and hypertension (35.9%). Compared with central (nϭ1868; median age, 43 years) and northern (nϭ1330; median age, 44 years) European patients, southern Europeans (nϭ746; median age, 41 years) were younger. No sex difference emerged between the regions, male:female ratio being 0.7 in those aged Ͻ34 years and reaching 1.7 in those aged 45 to 49 years. After accounting for confounders, no risk-factor differences emerged at the region level. Compared with females, males were older and they more frequently had dyslipidemia or coronary heart disease, or were smokers, irrespective of region. In both sexes, prevalence of family history of stroke, dyslipidemia, smoking, hypertension, diabetes mellitus, coronary heart disease, peripheral arterial disease, and atrial fibrillation positively correlated with age across all regions. Conclusions-Primary preventive strategies for ischemic stroke in young adults-having high rate of modifiable risk factors-should be targeted according to sex and age at continental level. (Stroke. 2012;43:00-00.)
K nowledge of stroke risk factors in the population is essential for planning cost-effective primary and secondary preventive strategies. A considerable proportion of all ischemic strokes occur at a young age 1 with a different risk profile than in old age and potentially causing significant long-term socioeconomic consequences and reduction in quality of life. 2 Efficient primary and secondary prevention of stroke in young individuals, more than in elderly ones, likely produces greatly an increased number of productive years with good quality of life.
In general patients with ischemic stroke, prevalence of most vascular risk factors increases with age, beginning from early midlife, and goes down after the age of 70 to 80 years. 3 Most studies specifically focusing on young adults are relatively small and represent single-center cohorts. These have suggested sex differences in risk factor distribution 4 -7 and higher frequencies of vascular risk factors in older age groups of young adult patients with stroke. 4, [7] [8] [9] [10] [11] [12] Particularly in young adults, sex-and age-specific differences have awaited investigations on a larger scale, for instance, to gather more generalizable and usable information for young-onset stroke prevention.
Although Europeans represent a relatively homogeneous group as to economic status and state public health policies, geographic variations influence their stroke incidence and mortality rates. 13 Population prevalence and trends in cardiovascular risk factors such as hypertension and diabetes 14, 15 vary across countries and regions. However, currently no direct comparative data exist on vascular risk factor differences according to geography, particularly in young adults who have had an ischemic stroke. Knowledge of such differences that could emerge, for instance, due to climatic, nutritional, lifestyle, or genetic diversity, would be likewise important for planning preventive strategies at the continental level or generating hypotheses regarding any underlying reasons.
We explored sex-and age-specific prevalence of traditional vascular risk factors among European patients aged Ͻ50 years with first-ever ischemic stroke. Furthermore, we investigated whether any geographic differences exist across southern, central, and northern European patients.
Methods
This observational multicenter cross-sectional cohort study was approved by relevant local authorities at each study site and was based on existing registry data. Coordinating centers were located at the Departments of Neurology, Helsinki University Central Hospital, Helsinki, Finland, and Istanbul University, Istanbul Medical School, Istanbul, Turkey.
Inclusion Criteria
European centers with an interest in stroke in young adults and established active databases including prospective or consecutive patients aged 15 to 49 years with their first-ever ischemic stroke sent data to coordinating centers according to prespecified criteria. We applied no time limit from stroke onset to diagnosis. Brain imaging with CT or MRI, or autopsy verification of diagnosis, was mandatory. Exclusion criteria included iatrogenic stroke due to angiography or surgery, cerebral venous thrombosis, intracerebral hemorrhage, and a transient ischemic attack (TIA) as the only qualifying event. Fifteen centers joined the study, representing northern, central, and southern Europe. Because Lille was the only French center and its population is closer to populations in The Netherlands and Belgium, it was classified as in central Europe. The number of patients recruited at each center, study setting, and recruitment periods appear in Figure 1 . The study period ranged from 1988 to 2010.
Risk Factors
Patients were investigated at each center according to the local diagnostic pathways, generally following European Stroke Organisation guidelines (former European Stroke Initiative). 16 Risk factors registered and analyzed here included demographics, family history of stroke, dyslipidemia, current smoking, hypertension, prior TIA, diabetes, coronary heart disease, peripheral arterial disease, atrial fibrillation, and heart failure. Risk factors were initially defined locally at each study center, but centers were obliged to import their definitions along with individual patient data to assess the comparability of risk factor information. Risk factors provided by individual centers with their definitions are shown in online-only Data Supplement Table I . Table I ) and missing data were reported for each risk factor. Because cases with missing values are excluded from multivariable analysis, missing data were imputed, which allowed entering all cases in models without losing information provided by those with missing data. We performed multiple imputation using linear regression in SPSS, in which missing values of predictors were sampled from full conditional distribution of a predictor given all other predictors (ie, other risk factors) and dependent variables not used in the imputation (age, sex, and center). Due to limitations of the software, generalized linear mixed modeling was then used based on a single imputed data set. To avoid false-positive results, we applied the least significant difference method correction for fixed-effect covariates. Binary logistic regression-with random intercepts to test for (1) center and (2) regional heterogeneity-allowed identifying risk factor differences between regions and centers. The model was fitted separately for each risk factor and adjusted for demographics and all other risk factors than that serving as an outcome with Bonferroni correction for the variance component of the random intercept that describes the center and regional heterogeneity. Adjusted for center heterogeneity, similar models tested sex differences in the entire cohort and within regions. Binary logistic regression separately for each risk factor was used to explore whether age-specific risk factor trends differ by region or center using the following production terms in the models: ageϫregion and ageϫcenter. These analyses were likewise adjusted for age, other risk factors than the outcome, and region or center, respectively, and probability values were Bonferroni-corrected. Finally, to address more thoroughly the impact of missing data, we performed a sensitivity analysis using the original data set and by excluding centers with Ն2 entire variables missing in their data to test sex, center, and regional differences.
Statistical Analyses

Results
The study included 3944 patients (median age; 43 years; IQR, 36 -46), of whom 746 were southern, 1868 central, and 1330 northern European (Figure 1 ). In the study population, males (nϭ2231 [56.6%]) outnumbered women (nϭ1713 [43.4%]). The most common modifiable risk factors were current smoking (49%), dyslipidemia (46%), and hypertension (36%; Table 1 ).
Regional Comparison
Median age was lower in the south (41 years; IQR, 34 -45) than in central (43 years; IQR, 37-46) or northern Europe (44 years; IQR, 37-47; PϽ0.001 for south versus central and for south versus north; Pϭ0.007 for central versus north). The proportion of males was slightly smaller in central Europe than in other regions. Univariate comparisons showed higher frequencies of smoking, prior TIA, and family history of stroke among southern Europeans compared with central or northern Europeans. Southern Europeans also more frequently had diabetes and atrial fibrillation than did central Europeans. In the north, dyslipidemia was more frequent compared with other regions (online-only Data Supplement Figure I ). However, after adjusting for sex, age, and center heterogeneity, logistic regression showed no significant differences at the region level (Table 2) .
Sex Comparisons
Females outnumbered male patients in those aged Ͻ34 years ( Figure 2A ) with a male:female ratio of 0.7 ( Figure 2B ). In age groups Ͼ34 years, the male:female ratio linearly increased, reaching 1.7 in patients aged 45 to 49 years ( Figure  2B ). Geographic regions showed slightly differing trends in male:female ratio, the steepest, nearly exponential, increase appearing in the south and more modest increase in central Europe ( Figure 2C ).
Males were older than females (median, 44 years; IQR, 38 -47 versus 42 years; IQR, 34 -46) in the entire study cohort and in all regions (males 42 years, 36 -46 versus females 39 years, 32-44 in the south; 43 years, 38 -47 versus 42 years, 35-46 in central Europe; and 45 years, 39 -47 versus 43 years, 35-46 in the north; PϽ0.001 for all comparisons). In the study cohort, dyslipidemia, smoking, and coronary heart disease were more frequent among males ( Table 1 ). The profile of sex differences was uniform across the study regions with a trend toward higher frequency of prior TIA in females in the North (Table 3) . Figure 3 shows the prevalence of risk factors as a function of age. In the entire study, cohort prevalence of all risk factorswith the exception of prior TIA (Pϭ1.000) and heart failure (Pϭ1.000)-correlated significantly with age (Pϭ0.002 for family history of stroke and PϽ0.001 for all other trends). With lacking trends of family history of stroke in males (Pϭ1.000) and smoking in females (Pϭ0.248), linear trends of risk factor proportions were closely similar between males (Pϭ0.028 for atrial fibrillation and PՅ0.001 for all other risk factors) and females (PՅ0.005 for all other risk factors). We found no significant regional or center differences in the age-specific trends of risk factor prevalence (data not shown).
Age-Specific Comparisons
Time Trends
We observed declining trends in the prevalence of dyslipidemia, smoking, hypertension, and coronary heart disease in the study population (all Bonferroni-corrected PϽ0.001) and in males (all PՅ0.025; online-only Data Supplement Figure  IIA-B) . In females, only prevalence of dyslipidemia (Pϭ0.023) and hypertension (PϽ0.001) declined over time (online-only Data Supplement Figure IIC ). There were no observable time trends in southern Europe (online-only Data Supplement Figure IID) . Frequency of dyslipidemia, smoking, hypertension, coronary heart disease, and peripheral arterial disease declined in central Europe (all PՅ0.011; online-only Data Supplement Figure IIE) , whereas frequency of dyslipidemia, smoking, and prior TIA decreased in the north (all PՅ0.003; online-only Data Supplement Figure  IIF) .
Sensitivity Analysis
In the sensitivity analysis on the original data set excluding 3 centers with Ն2 variables not registered (Debrecen, Heidelberg, Nijmegen), dyslipidemia, smoking, hypertension, and coronary heart disease were more common among men (online-only Data Supplement Table II ). There were no significant regional or center differences in risk factor prev- TIA indicates transient ischemic attack; PAD, peripheral arterial disease. *P value comes from logistic regression with random intercepts to account for center heterogeneity. The model was adjusted for age and other (than the one as an outcome) risk factors. Adjustment for multiple comparisons was done using the least significant difference method. Data are percentage or P value. TIA indicates transient ischemic attack; PAD, peripheral arterial disease; NA, not applicable because the parameter was redundant. *P value tests difference in the variance between regions and centers, respectively, and comes from binary logistic regression with region or center as a random intercept and the studied risk factor as an outcome and is post hoc Bonferroni-corrected. All models were adjusted for demographics and other (than the one as an outcome) risk factors. Tables III and IV) . Within-region sex differences were in line with the analysis based on imputed data set with the exception that smoking showed no sex difference in Central Europe, whereas hypertension did. Moreover, atrial fibrillation was trend-like more common in males in the North (online-only Data Supplement Table IV ).
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Discussion
We found high frequencies of well-documented vascular risk factors among European young adults with their first-ever ischemic stroke. Regardless of the geographic region, the age trends of these risk factors were largely increasing in both sexes. However, male patients showed clustering of dyslipidemia, smoking, and coronary heart disease, and after female predominance at younger age, they began to outnumber females in early midlife.
Our study establishes the prevalence of major vascular risk factors in a young pan-European ischemic stroke patient population. Our most common risk factors were smoking (49%), dyslipidemia (46%), and hypertension (36%). These high figures of modifiable risk factors should alert the medical community to better organize primary and secondary preventive measures because, with appropriate management, young patients have potentially more life years to gain. In contrast to general ischemic stroke patient populations, 1 atrial fibrillation, coronary heart disease, and diabetes were much more infrequent in our young patients.
Notable risk factor sex differences emerged in the study cohort and within all study regions in correspondence with that suggested by single-center studies. 4 -8,10,11,17-19 Accumulation of dyslipidemia, smoking, and coronary heart disease in young male patients suggests that targeting of prevention approaches should differ by sex in this age group. Females in our cohort had their first strokes at younger age with lesser burden of traditional risk factors. The female predominance among those aged Ͻ34 years by a male:female ratio of 0.7 likely occurs due to overrepresentation of female sexspecific risk factors or conditions in that age group such as oral contraceptive use, gravidity or postpartum period, or, perhaps, Figure 2 . A, Number of patients according to age; (B) proportion of males and females according to age and male:female ratio in the entire study cohort; and (C) male:female ratio according to geographic region. Data are percentage or P value. M indicates male; F, female; TIA, transient ischemic attack; PAD, peripheral arterial disease; NA, not applicable, because the parameter was redundant. *P value is for gender comparison from logistic regression adjusted for age and other (than the one as an outcome) risk factors with random intercepts to account for center heterogeneity. Adjustment for multiple comparisons was done using the least significant difference method.
†P value tests difference in the variance between regions and centers, respectively, and comes from binary logistic regression with region or center as a random intercept and the studied risk factor as an outcome and is post hoc Bonferroni-corrected. All models.
migraine. 20 Our study was unable to depict the prevalence of such risk factors, however, and despite recent advances 21 investigating risk factors predisposing to premature stroke, particularly in women, should be among the main targets of epidemiological and genetic stroke investigation. In contrast to female preponderance at younger ages, males increasingly predominated in all age groups after age of 34 years in all the regions. A likely explanation for that is the accumulation of traditional risk factors in male patients.
Geographic variance in the prevalence of cardiovascular risk factors in the population occurs in the United States, 22, 23 Canada, 24 and Europe. 25, 26 In addition, national and regional variance in such risk factors have been observed in global surveys. 14, 15, 27 To our knowledge, no prior study has specifically compared demographic and vascular risk factor profiles between European geographic regions among young (age Ͻ50 years) patients with stroke. High prevalence of, for example, men's smoking 28 and lower mean total cholesterol levels compared with northern Europeans 29 -31 were reported in Greece and Turkey. We found significant heterogeneity between individual centers in our study but detected no region-level differences in risk factor prevalence after accounting for confounding factors. In addition to genetic dilution with population movements in Europe, the lack of such geographic differences might occur due to behavioral, nutritional, and cultural similarities in young individuals across the continent. Nevertheless, as opposed to that in central and northern Europe, we observed no trends in risk factor prevalence over time in southern Europe.
Strengths of our study include its large sample size, consecutive patients from individual study centers, and good representation across Europe. Our findings are, however, not generalizable to nonwhites. Most patients came from hospital-based registries, which may have been prone to referral and ascertainment biases. Nevertheless, young patients with suspicion of stroke are almost invariably referred to university hospitals or specialized centers because of necessity for extensive diagnostic workups. Some, although minor, variation occurred in how centers initially defined risk factors. Complete data sets were not obtained from all centers, which should be considered when interpreting the results. However, after excluding centers with clustered missing data, the main findings and interpretations were not critically altered. Other limitations include lack of comprehensive data on certain risk factors such as obesity or physical inactivity and that we were unable to collect thorough data on less well-documented risk factors such as migraine or obstructive sleep apnea.
Conclusions
European young adults with ischemic stroke have a high prevalence of well-documented vascular risk factors with marked sex disparities but alarmingly increasing trends with age in both sexes in all regions. Although favorable trends occurred over time, these altering risk factor profiles indicate the need for aggressive and optimally targeted preventive interventions, which should be uniform across the European continent. Our provisional and exploratory results should be further confirmed in a prospective study setting with standardized methodology. 
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Data are percentage or P-value. TIA, transient ischemic attack; PAD, peripheral arterial disease. N.A., not applicable, because the parameter was redundant. a P value tests difference in the variance between regions and centers, respectively, and comes from binary logistic regression with region or center as a random intercept and the studied risk factor as an outcome and is post-hoc Bonferroni corrected. All models were adjusted for demographics and other (than the one as an outcome) risk factors except family history of stroke and heart failure (due to relatively high frequency of missing data). Table S4 . Within region comparison of risk factor frequencies between genders, and regional (n=3) and center (n=15) heterogeneity by gender based on the original dataset after exclusion of centers with ≥2 variables not registered (N=3124).
Data are percentage or P-value. M, male; F, female; TIA, transient ischemic attack; PAD, peripheral arterial disease; N.A., not applicable. a P value is for gender comparison from logistic regression adjusted for age and other (than the one as an outcome) risk factors except family history of stroke and heart failure, with random intercepts to account for center heterogeneity, and is corrected with least significant difference method. b P value tests difference in the variance between regions and centers, respectively, and comes from binary logistic regression with region or center as a random intercept and the studied risk factor as an outcome. All models were adjusted for age and other (than the one as an outcome) risk factors, except family history of stroke and heart failure (due to relatively high frequency of missing data). 
